Four bacterial strains, LFT 1.7 T , LT2C 2.5, LT4C 2.8 and TM 4.6, were isolated from great scallop (Pecten maximus) larvae and tank seawater in a Norwegian hatchery and characterized by a polyphasic approach including determination of phenotypic, chemotaxonomic and genomic traits. All were Gram-stain-negative, motile rods, oxidase-and catalase-positive and required sea salts for growth. Major fatty acids present were summed feature 3 (C 16 : 1 !7c/C 16 : 1 !6c), summed feature 8 (C 18 : 1 !7c or C 18 : 1 !6c), C 16 : 0 , C 14 : 0 , summed feature 2 (C 14 : 0 3-OH/iso-C 16 : 1 I), C 12 : 0 3-OH and C 12 : 0 . Strain LFT 1.7 T contained menaquinone MK-6 as the sole respiratory quinone. Phylogenetic analysis based on 16S rRNA gene sequences indicated that all strains formed a distinct lineage within the genus Arcobacter with a low similarity to known species (94.77-95.32 %). The DNA G+C content was 28.7 mol%. Results of in silico DNA-DNA hybridization and average nucleotide identity confirmed that the isolates constitute a novel species of Arcobacter, for which the name Arcobacter lekithochrous sp. nov. is proposed. The type strain is LFT 1.7 T (=CECT 8942 T =DSM 100870 T ).
The genus Arcobacter belongs to the family Campylobacteraceae and the type species is Arcobacter nitrofigilis, initially described as a member of the genus Campylobacter [1] and reclassiffied by Vandamme et al. [2] as representing a new genus. Arcobacter shows a global distribution considering that it has been isolated from different geographical regions such as Spain, India and Canada [3] [4] [5] . In the same way, this genus displays a high diversity of ecological niches: marine environments, waste and drinking water, animal faeces, associated with plants or in oil field communities, among others [6] [7] [8] [9] .
Some species of Arcobacter cause diarrhoea and bacteraemia in humans and abortion or mastitis in animals, although Arcobacter has also been isolated from healthy humans and animals. The route of transmission to humans and animals is not clear, but consumption of contaminated food and water has been postulated as the main means of infection [10] . It is assumed that prevalence has been probably underestimated owing to the difficulty in culturing these bacteria [11] . These facts have led to studies on Arcobacter prevalence in different environments and animals such as molluscs which, being filter-feeding, could act as reservoirs for these bacteria. Indeed, many novel species associated with molluscs have been described within this genus in the last decade [12] [13] [14] .
The aim of this study was to characterize, using a polyphasic approach, four strains isolated from scallop and seawater samples and to determine their taxonomic position.
The bacterial isolates studied here were obtained in 2011 from larvae and seawater in an experimental hatchery in Norway (60 30¢ 53.77 † N 4 54¢ 14.75 † W) during a study on the microbiota associated with the reproductive cycle of great scallop (Pecten maximus). After incubation for 7 days at room temperature on marine agar 2216 (MA; Difco) plates the different colony types were isolated and subjected to preliminary characterization. Bacterial isolates LFT 1.7 T (=CECT 8942 T =DSM 100870 T ), LT2C 2.5, LT4C 2.8 and TM 4.6 (=CECT 8943=DSM 100869), with characteristics matching those of the genus Arcobacter, were selected for further characterization.
Isolation of DNA from pure cultures on MA was performed using the 'Instagene' matrix (Bio-Rad), following the manufacturer's recommendations. Amplification of the 16S rRNA gene of the different strains was carried out using primers 27F (5¢-AGAGTTTGATCCTGGCTCAG) and 1510R (5¢-GGTTACCTTGTTACGACTT) as previously described by Lane [15] . Amplicons were Sanger-sequenced using the same primers at StabVida Laboratories (Portugal). Sequences from the closest relatives were retrieved from GenBank/ EMBL. Sequence data analysis was performed with the DNASTAR Lasergene SEQMAN program. Sequence similarities of the 16S rRNA gene were determined using the EzTaxon-e server (www.eztaxone.ezbiocloud.net) [16] . Phylogenetic analysis was carried out using the program MEGA 6.0 [17] Arcobacter cloacae SW28-13 T (HE565360)
Arcobacter ellisii F79-6 T (FR717550)
Arcobacter bivalviorum F4 T (FJ573217)
Arcobacter ebronensis F128-2 T (HG932573)
Arcobacter anaerophilus JC84 T (FR686494)
Arcobacter marinus CL-S1 T (EU512920)
Arcobacter molluscorum CECT 7696 T (FR675874)

Arcobacter mytili F2075 T (EU669904)
Arcobacter halophilus LA31B T (AF513455)
Arcobacter pacificus SW028 T (JN118552)
Arcobacter nitrofigilis Arcobacter lekithochrous sp. nov.
Sulfurospirillum arsenophilum MIT-13 T (U85964) paired-end sequencing was performed at Sistemas Genómi-cos (Valencia, Spain). The quality of reads was analysed using Trimmomatic 0.32 [18] . Genome assembly was performed using SPAdes 3.6.1 [19] . This Whole Genome Shotgun project has been deposited at DDBJ/ENA/GenBank under accession number MKCO00000000. Five housekeeping genes, atpA, hsp60, gyrA, gyrB and rpoB, were obtained from the whole genome of strain LFT 1.7 T and a multilocus sequence analysis (MLSA) was carried out. The phylogenetic tree based on these sequences confirmed the independent position of this group within the genus Arcobacter (Fig. S1 , available in the online Supplementary Material).
The in silico DDH value was estimated between strain LFT 1.7
T and available genomes of Arcobacter anaerophilus IR1 (JXXG00000000), Arcobacter butzleri RM4018 T (NC_009850.1), Arcobacter cibarius LMG 21996
Arcobacter skirrowii L405 (LRUX00000000) and Arcobacter thereius LMG 24486 T (LLKQ00000000) using the genome-to-genome distance calculator (GGDC2.0) [20] [21] [22] . The ANI using the BLAST (ANIb) and MUMmer (ANIm) algorithms was calculated using the software J-species (v1.2.1) as described by Richter and Roselló-Móra [23] . Alternatively, OrthoANI was calculated as described by Lee et al. [24] .
The G+C content of strain LFT 1.7
T was 28.7 mol%, a value within the range reported for the genus Arcobacter. DDH results ranged between 18.30 and 20.50 % whereas OrthoANI analysis revealed a similarity of between 73.07 and 76.29 % with its closest relatives (Table S1 ). All these values were lower than the thresholds established to demarcate species (95-96 % in OrthoANI and 70 % in DDH).
Total cell fatty acids of the four Norwegian strains and A. nitrofigilis CECT 7204 T , grown on MA at 25 C for 48 h, were determined on the MIDI system following the instructions of the manufacturer [25] using the Phospholipid Fatty Acids (PFLAD1) and Environmental Aerobes (TSBA) databases. Results showed that all strains presented similar fatty acid profiles with summed feature 3 (C 16 : 1 !7c/C 16 : 1 !6c), summed feature 8 (C 18 : 1 !7c or C 18 : 1 !6c), C 16 : 0 , C 14 : 0 , summed feature 2 (C 14 : 0 3-OH/iso-C 16 : 1 I), C 12 : 0 3-OH and C 12 : 0 as major components, although the percentages of these fatty acids differed among strains ( Table 1) .
Analyses of the polar lipids and respiratory quinones of strain LFT 1.7
T were carried out by the Identification Service of the DSMZ (Braunschweig, Germany), following methodologies described by Bligh and Dyer [26] and Tindall et al. [27] [28] [29] . Polar lipids present were phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol and two unidentified phospholipids, one phosphoaminolipid and one lipid (Fig. 2) . The respiratory quinone of strain LFT 1.7
T was menaquinone MK-6.
Phenotypic characteristics were determined by a set of classical and specific tests recommended for the description of novel species in the family Campylobacteraceae [12, [30] [31] [32] including: cell morphology and motility, Gram, catalase and oxidase activity, acid production from glucose by oxidation and fermentation, nitrate reduction, Voges-Proskauer, indole, urea, and hydrolysis of indoxyl acetate, casein, starch and gelatine. The pH range for growth was examined in marine broth (MB; Pronadisa) using appropriate biological buffers for adjusting the pH to 3, 4, 5, 6, 7, 8, 9 and 10. [33] . Alternatively, the API ZYM (bioM erieux) system was used to determine enzymatic activities.
All strains were Gram-stain-negative, motile, oxidase-and catalase-positive rods that were capable of reducing nitrate. They were negative for indole and the Voges-Proskauer reaction and hydrolysis of urea, casein, gelatine and starch. The hydrolysis of indoxyl acetate was negative in all strains except for LT4C 2.8. All strains were halophilic; no growth was observed in the absence of sea salts. NaCl was not sufficient to stimulate growth. These strains were able to grow at temperatures from 15 to 25 C, except strains TM 4.6 and LT4C 2.8, which were able to grow at 4 C, but the isolates could not grow at 37 C. The results obtained with the specific tests for Campylobacteraceae allowed us to differentiate the scallop isolates from other Arcobacter species (Table 2) . These isolates were negative in most tests. The four isolates grew on NA with safranin. All strains, except LFT 1.7
T , were able to grow on NA with fuchsine and TTC and only strain LT4C 2.8 was able to grow on NA supplemented with Oxgall.
The Norwegian strains showed variable results for the use of carbon sources. All strains used D-mannose, lactic acid, succinic acid, g-aminobutyric acid and malic acid but not Dribose, arabinose, D-xylose, D-galactose, salicin, D-sorbitol, N-acetyl-D-glucosamine, L-threonine, D-mannitol, myo-inositol, ornithine, putrescine, sarcosine, L-citrulline, citric acid or gluconic acid. Results were variable for use of trehalose, L-rhamnose, maltose, cellobiose, lactose, melibiose, amygdalin, L-leucine, L-histidine, lysine, D-fructose, sucrose, glycerol, sodium acetate, propionic acid, pyruvate, L-serine, glutamic acid, D-alanine, L-arginine, aspartic acid, bhydroxybutyric acid, fumaric acid, D-saccharic acid and glyceric acid. Regarding enzymatic activities tested with the API ZYM system, all strains showed a similar enzymatic profile with the presence of alkaline phosphatase, acid phosphatase, esterase (C4), esterase lipase (C8) and naphthol-AS-BI-phosphohydrolase activity. Leucine arylamidase was absent only in the type strain LFT 1.7 T , and isolate LT4C 2.8 showed lipase (C14) activity (Table S2 ).
The results from this polyphasic analysis support the identity of the strains representing a novel member of the genus Arcobacter, for which the name Arcobacter lekithochrous sp. nov. is proposed.
DESCRIPTION OF ARCOBACTER LEKITHOCHROUS SP. NOV.
Arcobacter lekithochrous (le.ki.tho.chro¢us, Gr. adj. lekithos pale brown; Gr. n. chroa colour; N.L. masc. adj. lekithochrous with pale brown colour).
Cells are Gram-stain-negative motile rods. Colonies on MA are small and slightly brownish. Oxidase-and catalase-positive. Negative for the Voges-Proskauer reaction, production of indole and acid from glucose, as well as for hydrolysis of urea, casein, gelatine and starch. Hydrolysis of indoxyl acetate is negative except for strain LT4C 2.8. All strains can reduce nitrate to nitrite and are sensitive to cefoperazone (30 µg) . Growth occurs at 15-25 C except for 
